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Origin of the Hard X-ray Emission from the Galactic Plane
Ken Ebisawa1∗, Yoshitomo Maeda2, Hidehiro Kaneda3, Shigeo Yamauchi4
The Galactic plane is a strong hard x-ray emitter and the emission
forms a narrow continuous ridge (1-3). The currently known hard
x-ray sources are far too few to explain the ridge x-ray emission,
and the fundamental question as to whether the ridge emission is
ultimately resolved into numerous dimmer discrete sources or truly
diffuse emission has not yet been settled (4-9). In order to obtain a
decisive answer, using the Chandra x-ray observatory, we have
carried out the deepest hard x-ray survey of a Galactic plane region
which is devoid of known x-ray point sources. We have detected at
least 36 new hard x-ray point sources in addition to strong diffuse
emission within a 17′ × 17′ field of view. The surface density of the
point sources is comparable to that at high Galactic latitudes after
the effects of Galactic absorption are considered. Therefore, most of
these point sources are probably extragalactic, presumably active
galaxies seen through the Galactic disk. The Galactic ridge hard
x-ray emission is diffuse, which indicates omnipresence of the hot
plasma along the Galactic plane whose energy density is more than
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one order of magnitude higher than any other substances in the
interstellar space.
The Galactic ridge x-ray emission exhibits emission lines from highly ionized
heavy elements such as Si, S and Fe, hence it may be considered from optically
thin hot plasmas with a temperature of several keV (3). If the plasma distri-
bution is diffuse in the Galactic disk, the plasma temperature is higher than
that can be bound by Galactic gravity, and its energy density, ∼ 10 eV/cm3,
is one or two orders of magnitude higher than those of other constitutes in the
interstellar space, such as cosmic rays, Galactic magnetic fields, and ordinary
interstellar medium (3, 8). Another hypothesis is that the Galactic ridge x-ray
emission is a superposition of numerous point sources (1, 4, 5, 6). However, no
class of x-ray objects is known with such a high plasma temperature and a large
number density to satisfy the uniform surface brightness of the ridge emission
(8, 9).
To resolve the origin of the Galactic ridge x-ray emission, we observed a
“blank” region of the Galactic plane, (l, b) ≈ (+28◦.45,−0◦.2), where the Ad-
vanced Satellite for Cosmology and Astrophysics (ASCA) could not find any
point sources (7, 8) brighter than ∼ 2 × 10−13 erg s−1 cm−2 (2 – 10 keV).
We used the Advanced CCD Imaging Spectrometer Imaging-array (ACIS-I) on-
board the Chandra Observatory, with unprecedented sensitivity and imaging
quality (Fig. 1). The observation was carried out on 25 and 26 February, 2000,
for a total exposure time of 90 ksec. The pointing position was chosen because
the direction is tangential to the Scutum arm where the ridge x-ray emission is
strong.
We were interested in hard x-ray emission, so we searched in the 3 – 8 keV
band to minimize the effects of Galactic absorption at lower energies and the
intrinsic non-x-ray background in the higher energy band. The “wavdetect”
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source finding program in the Chandra data analysis package detected 53, 36
and 29 sources in the 17′ × 17′ ACIS-I field with 3, 4 and 4.5 σ significance,
respectively. For each of these sources, we determined the energy flux in the 2
– 10 keV band by fitting the energy spectrum after accounting for the position
dependent detector responses. The 3, 4 and 4.5 σ thresholds roughly correspond
to energy fluxes of ∼ 3×10−15, ∼ 4×10−15 and ∼ 5×10−15 ergs s−1 cm−2 in the
2 – 10 keV band, respectively. We found point sources with different fluxes are
randomly distributed over the field of view, which indicates that the positional
dependence of the source detection efficiency is negligible. We have also carried
out a source search in the 0.5 – 3 keV soft x-ray band, and detected 106 sources
with 3 σ confidence. There are only 17 sources which are detected both in the
hard and soft band over 3 σ confidence, which suggests that the populations of
the soft sources and hard sources are different. We identified several soft x-ray
sources, which are not detected in the hard band, with objects in the United
States Naval Observatory A2.0 catalog and/or the Palomar Digital Deep Sky
Survey; thus these sources are probably ordinary stars. On the other hand, none
of the hard x-ray sources we observed have been identified.
Chandra data consist of not only x-ray events from point sources and diffuse
emission, but also non-x-ray background events. Typical non-x-ray background
rate has been calculated and released by Chandra X-ray Center, based on ob-
servations of source-free high Galactic latitude regions. By subtracting the
expected non-x-ray background rate, we have determined the total hard x-ray
flux in our field of view as ∼ 1.1 × 10−10 ergs s−1 cm−2 deg−2 in 2 – 10 keV,
which includes contributions from both diffuse emission and point sources. On
the other hand, integrated hard x-ray flux of all the point sources above the flux
3 ×10−15 ergs s−1 cm−2 is ∼ 9.8 × 10−12 ergs s−1 cm−2 deg−2 (2 – 10 keV),
which is only ∼ 10 % of the total observed x-ray flux in the field of view, and
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the rest is the diffuse emission (Fig. 1 and 2).
The point x-ray sources on the Galactic plane may comprise extragalactic
sources seen through the Galactic plane and Galactic sources. Remarkably,
the surface density of the hard x-ray sources on the Galactic plane we have
determined is consistent with that of the high Galactic latitude fields in a similar
flux range (Fig. 2). The x-ray fluxes of extragalactic sources are reduced on the
Galactic plane because they are absorbed by interstellar matter. The Galactic
HI column density in our Chandra pointing direction is ∼ 2 × 1022 cm−2 (12)
and that of the molecular hydrogen is (1− 2)× 1022 cm−2 (13), both measured
from radio observations (12, 13). Therefore, the total hydrogen column density
through the Galactic plane is NH = NHI+2NH2 = (4−6)×10
22 cm−2. Even if
we account for the ∼ 30 % flux reduction of the extragalactic hard x-ray sources
caused by the interstellar absorption of NH = 6× 10
22 cm−2, the extragalactic
logN− logS curve is still consistent with the present Chandra Galactic logN−
logS curve within 90 % statistical uncertainty (Fig. 2). Therefore, most of the
point sources detected in our field must be extragalactic, presumably Active
Galactic Nuclei, which dominate the cosmic x-ray background (10).
From our observation, the point source density on the Galactic plane in the
flux range above 3× 10−15 ergs s−1 cm−2 (2 – 10 keV) is 660±160 sources/deg2
(90 % error), among which ∼ 560 sources/deg2 is considered to be the extra-
galactic sources (10), where we took account of the ∼ 30 % flux reduction due
to the Galactic absorption. This suggests that there would be at most ∼ 260
sources/deg2 Galactic sources at this flux level, which corresponds to a ∼ 4×1031
erg s−1 source at 10 kpc assuming isotropic emission. X-ray luminosity func-
tions and spatial densities of quiescent dwarf novae have not been measured
precisely (4, 6), and our results can place an upper-limit for the quiescent dwarf
nova population. For example, a combination of a 10−5 pc−3 spatial density
4
and 1031 erg s−1 average luminosity of quiescent dwarf novae, which amounts to
∼ 1000 sources/deg2 at > 3× 10−15 ergs s−1 cm−2 (7), is clearly ruled out. To
be consistent with our observation, either spatial density or average luminosity
has to be smaller at least by a factor of four.
The paucity of Galactic point sources supports models of diffuse emission
to explain the Galactic ridge x-ray emission. Then the next question is how
to produce plasmas with such a large energy density and high temperatures,
and keep them in the Galactic disk. Theories have been proposed to explain
these problems in terms of interstellar-magnetic reconnection (14), interaction of
energetic cosmic-ray electrons (15) or heavy-ions (16) with interstellar medium.
All of these models require supernovae as a mechanism of the energy input.
Incidentally, in the region around (l, b) ≈ (28◦.55,−0◦.12), we found an extended
feature with a size of ∼ 2′ which is more conspicuous in the hard x-ray band
than in the soft band (Fig. 3). This region corresponds to the southern end of
an extended and patchy radio source named G28.60–0.13 (17), and the diffuse
x-ray structure we found bridges three discrete radio patches F, G and H (17).
A high quality x-ray spectrum of the G28.60–0.13 region by the ASCA satellite
indicates that the energy spectrum is a single power-law without any iron line
emissions (18), which is reminiscence of the non-thermal acceleration taking
place in the supernova remnants such as SN1006 (19) or RX J1713.7-3946 (20).
The extended feature at (l, b) ≈ (28◦.55,−0◦.12), or G28.60–0.13 itself, may be
an aged supernova remnant. Supernova remnants may be ubiquitous on the
Galactic plane (17) and these remnants may have an important role to generate
the Galactic ridge hard x-ray emission (21).
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Figure 1: The Chandra ACIS-I deep exposure image on the Galactic plane.
Original image has been smoothed with an adaptive filter to make both the point
sources and diffuse emission clearly visible. Color and contrast are adjusted so
that the point sources detected in the 0.5–3 keV band and the 3 – 8 keV band
are conspicuous in red and blue, respectively. The hard x-ray diffuse emission is
shown in blue. The image has 690 × 690 pixels with the pixel size 1.′′97 square.
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Figure 2: The number of point sources per unit area, N , brighter than the
threshold flux in the 2 – 10 keV band, S, is indicated as a function of S (the
logN − logS curve). The present Chandra logN − log S curve on the Galactic
plane is shown with the thick line, and the 90 % error region (assuming Poisson
counting error) is indicated in yellow. The upper dashed line shows the number
of fictitious point sources at a given flux S that would have accounted for the
total observed x-ray energy flux in the Chandra field of view (∼ 1.1 × 10−10
ergs s−1 cm−2 deg−2 in 2 – 10 keV). Three vertical lines at lower-left indicate
the threshold energy fluxes corresponding to 3, 4 and 4.5 σ confidence of the
source detection. For comparison, the Galactic logN − logS curve by ASCA
(9) and extragalactic ones by Chandra (10) and ASCA (11) are shown. The
extragalactic logN−logS curves corrected for the effect of∼ 30 % flux reduction
due to Galactic absorption with NH = 6× 10
22 cm−2 are indicated with dotted
line, which are consistent with the present Galactic logN − logS curve within
90 % statistical error.
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Figure 3: Close-up of the diffuse feature at around (l, b) ≈ (28◦.55,−0◦.12). The
0.5 – 3 keV image is represented in red and the 3 – 8 keV image is in blue, and
both images are smoothed so as to enhance the diffuse feature. Contour map of
the 3 – 8 keV image is superimposed. Point sources detected with more than 3
σ confidence either in the 0.5 – 3 keV band or the 3 – 8 keV band are indicated
with crosses. The image has 560 × 560 pixels with the pixel size 0.′′98 square.
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